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Sir: 

1. I, Dennis R. Stewart, am currently a Principal Scientist at BAS Medical, Inc., in San 
Mateo, California. I have worked in the field of endocrinology and relaxin research for 32 years. 
I have a Ph.D. degree in endocrinology from the University of California, Davis. A copy of my 
Curriculum Vitae is attached as an Exhibit. 
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2. I have read the Office Action mailed April 6, 2004 and the references cited therein. The 
Examiner appears to questions whether the specification and claims disclose novel subject matter 
inlightofNicozisise/a/. (Clin. Orthod. Res. (2000)3:192-201). The Examiner further submits 
that the present invention may allegedly be obvious over Nicozisis et al. and further over 
Nicozisis et al. in view of Kuo et al. (U.S. Patent No. 6,607,382), Korostoff et al. (U.S. Patent 
No. 4,153,060) and Burgio (U.S. Patent No. 6,322,360). As shown by the evidence discussed 
herein (see Parts I, II and III, vide infra), my team has demonstrated that treatment with relaxin 
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ultimately leads to a significant increase in the rate of tooth movement and further to a 
prevention of relapse as described in the specification. 

Orthodontic Tooth Movement in Rats : 

3. Following the teachings of the patent application, it has been demonstrated that relaxin 
accelerates orthodontic tooth movement in an animal model. My team used rats and placed 
landmark metal pins in the bone of the roof of the mouth and installed pins in the incisors as 
shown in Figure 1 below (e.g., the 1 st molar is pulled forward by an appliance connecting the 1 st 
molar and incisor). This was done several days prior to the application of orthodontic 
appliances. 



4. My team used a set force of 40 grams for activation. The animals had pumps installed or 
were injected with relaxin. Rats were treated for 14 days with vehicle or relaxin administered in 
one of two ways. As described in the specification on page 10, paragraph [0045], one group of 
rats received a continuous system administration (5.3 |ig/kg/hr) with an implantable pump. A 
second group of treated rats received a subcutaneous injection of relaxin (0.5 mg/kg) in sodium 
acetate buffer on day 1 and day 7 of the treatment period. The data from our dose finding study 
indicated that the pump supplied a steady state of about 20 ng/ml of relaxin during the 
experiment. 




Figure 1 
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5. Digital photographs were taken of the molar teeth at the end of the treatment period. The 
distance between the 1 st molar, which was being orthodontically moved, and the 2 nd molar which 
was stationary was measured. This distance is a measure of the total amount the tooth moved 
during the 14 day period. The two relaxin treated groups (pump vs. injection) were similar and 
the data from the two groups was combined to result in the following graph as shown below in 
Figure 2 (i.e., this graph depicts the combined relaxin treatment groups compared with vehicle 
control). 

Space between 1st and 2nd Molar (+/- SEM) 

0.30 - 

0.25 - 

E 

<*-> 
O) 

c 

0) 

-J 0.20- 
0.15 



Figure 2 

6. As shown in Figure 2, the relaxin treatment resulted in a significantly greater space 
between the molars in the relaxin treated animals compared to the control animals (p = 0.0323). 
This indicates that relaxin treatment helped move the tooth further in the same amount of time 
than in the control animals . These results indeed confirmed my hypothesis that relaxin would 
significantly increase the rate of tooth movement. In summary, the measurement of the gap 
between the molars was found to be significantly increased with relaxin treatment and other 
measurements tended in the direction of increased movement with relaxin. This strongly 
supports my findings that relaxin treatment with applied force can significantly speed 
orthodontic tooth movement. 
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Prevention of Relapse in Dogs : 

7. Following the teachings of the patent application, my team further demonstrated that 
relaxin prevents relapse in dogs. Figure 3 below shows a diagram of the appliance used in the 
dog. 




Figure 3 



Figure 4 below shows an activated appliance in the dog. 




Figure 4 



8. Impressions in the dog were made at specific time lines during the 105 day study. My 
team used 8 animals per group. One group (i.e., injected group) had gingival relaxin injections 
on days 50 and 55. Another group (i.e., control group) had placebo injections. The last group 
(z.e„ fiberotomy group and positive control group) had a gingival fiberotomy on day 55. 
Fiberotomy is a procedure in which the gingival fibers attached to the tooth are cut down to the 
alveolar bone as shown in Figure 5 below. 
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9. Fiberotomy has been effective in prevention of relapse in dogs as well as in clinical 
practice and was, thus, used a positive control. Alignate impressions were taken from the dogs 
and models were cast from them. My team used digital pictures of the models to measure the 
amount of rotation of the second maxillary incisor and its relapse. An average of 45 degrees of 
rotation was placed on the second maxillary incisor during the rotation phase. As shown on the 
graph below in Figure 6, the control group had relapse (-30%) as expected. The fiberotomy and 
positive control group had significantly less relapse (p = 0.014) than the control group as 
expected. The reduction in relapse is attributed to cutting the gingival fibers and relieving the 
stress. The injected group had results intermediate between the negative (control group) and 
positive (fiberotomomy and positive control group) groups. This effect occurred with only two 
doses of relaxin which indicates that a slightly higher dose of relaxin administration will lead to a 
more effective treatment in preventing relapse. 
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Figure 6 
Conclusion : 

10. In conclusion, these findings clarify and further underscore the teachings of the instant 
invention, i.e., that treatment with relaxin with applied force leads to a significant increase in 
orthodontic tooth movement, wherein it promotes remodeling of periodontal and gingival tissue 
to allow for repositioning teeth. The findings also support a role for relaxin in preventing relapse 
as discussed in the specification. The present invention is, thus, further supported through the 
evidence provided herein. 
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11. I, Dennis R. Stewart, do hereby state and declare that all statements made herein of my 
own knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under §1001 of 
Title 18 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 



Date Dennis R. Stewart 



60269759 vl 
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Dennis R. Stewart, Ph.D. 



BAS Medical, Inc. 

1660 S Amphlett Blvd, Suite 200 

San Mateo, Ca 94402 




Phone: 650 235-3572 
FAX: 650 235-3579 
Email: drstewart@basmedical.com 



Summary of Expertise: 

Endocrinologist with expertise in the physuWSgJ^Sid biochemistry of reproduction hormones during the 
implantation process and pregnancy. The focus of much of this work was on the hormone relaxin. I have 
conducted human clinical studies and research in a wide variety of other species. Recent experience with 
biomaterial implants in animal and human models, histological analysis and tissue ingrowth assessments. 
Author of numerous publications in highly ranked journals with a demonstrated effectiveness in oral 
communications. 



Professional Experience: 

Principal Scientist, BAS Medical, Inc. San Mateo, CA Feb 2003 - Present 

• Company Founder. 

• Responsible for design and execution of scientific studies relating to orthodontic products. 

• Maintain contract research laboratories and collaborative efforts. 

• Assist in regulatory fillings. 

Chief Scientist, Adiana, Inc., Redwood City, CA March, 2000-Feb 2003 

• Sole biologist responsible for histological evaluation of biomaterial implant at small startup biomedical 
device company. Responsible for tissue evaluation of all animal and human studies, design and 
implementation of animal studies, and participation in human clinical studies. 

• Scientist responsible for creating scientific presence of company at scientific meetings and submission of 
manuscripts. 

Associate Adjunct Professor, Division of Reproductive Biology, OB/GYN, UC Davis 1995-2000 

• Worked extensively with the hormone relaxin, known for its control of collagen turnover, especially in 
reproductive target organs. 

• Discovered that relaxin is deficient in IVF/ET cycles which fail to become pregnant and it is a marker for 
pregnancy success (patent pending). Determined that this hormone may have therapeutic value to increase 
pregnancy rates for IVF/ET by stimulating endometrial angiogenesis. 

• Invented a method to predict which IVF/ET cycles will fail to carry a pregnancy to term (patent under 
consideration by University). Could reduce cost of IVF procedures by eliminating transfers in unproductive 
cycles and avoid the emotional distress of early pregnancy loss. 

• Developing a simple cost-effective blood test to replace the currently invasive, costly and time consuming 
endometrial biopsy procedure used for the determination of luteal phase defects. 

• Determined the hormonal control of the endometrial protein glycodelin throughout the menstrual cycle, 
which has potential for development of a contraceptive. 

• Created a granulosa cell culture system to mimic the endocrine production of the corpus luteum during the 
luteal phase of the menstrual cycle for toxicology studies. Used this assay as a screening test for 



environmental toxicants which may be reproductive hazards. Also used this model to investigate molecular 
mechanisms involved in toxic effects of environmental hazards. 

Assistant Adjunct Professor, Division of Reproductive Biology, OB/GYN, UC Davis 1986-1995 

• Led data management for a clinical study which collected thousands of serum and urine samples from 
women undergoing artificial insemination. Headed the data analysis for this project and performed 
exploratory data mining. This analysis uncovered novel alterations in ovarian steroid hormone production 
prior to implantation in nonconceptive vs conceptive cycles and found associations of certain hormone 
profiles with early pregnancy failure. 

• Responsible for on-site supervision of a clinical endocrinology laboratory for the Dept. of Obstetrics and 
Gynecology. Duties included hiring technicians, purchasing equipment, writing standard operating 
procedures and quality control procedures. Successfully run laboratory in the black for 10 years while 
processing over 14,000 clinical hormone determinations. Maintained State of California licenses and 
successfully passed CLIA inspections. 

• Discovered that the hormone relaxin is good marker for early pregnancy detection and can be used with 
other hormones to increase accuracy of pregnancy detection. Demonstrated that abnormalities in relaxin 
secretion is a predictor of pregnancy failure. 

• Designed and authored a laboratory information management system for a large scale epidemiology study 
which required multiple hormone measurements of nearly 100,000 samples. The system increased the 
capacity of the laboratory to permit the completion of the study on time and within budget. This study was 
instrumental in finding certain chemicals in the workplace which increased early pregnancy loss rates. 

• Self taught computer programming in Pascal, Delphi® and Visual Basic® languages. Identified a 
laboratory need for immunoassay software for calculating plate reader and gamma counter data. Wrote 
program to calculate four parameter logistic-log standard curve and reduce data. Have distributed this 
program on campus and sold it commercially elsewhere. I am converting to a Windows version with 
statistical quality control features. 



Education: 



Iowa State University, Ames, Iowa 


B.S. 


1972 


Chemistry 


Iowa State University, Ames Iowa 


B.S. 


1972 


Zoology 


Iowa State University, Ames Iowa 


M.S. 


1976 


Physiology 


University of California, Davis 


Ph.D. 


1981 


Endocrinology 



Post-doctoral training at UC Davis and UC San Francisco 1982-1985 

Biochemical purification and characterization of relaxins from domestic species including the horse, cat 
and dog. Physiology studies of relaxin during gestation in these animals. Developed pregnancy test for exotics 
species such as large cats. 
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THE EFFECT OF HORMONES ON THE PHYSICAL 
PROPERTIES AND COLLAGEN CONTENT OF 
THE RAT'S UTERINE CERVIX 

By BEULAH M. CULLEN and R. D. HARKNESS 
rom the Department of Physiology, University College London 

{Received 18 November 1959) 

In a previous paper (Harkness & Harkness, 19596) changes in the 
physical properties of the rat's cervix in pregnancy were described. These 
consisted first of a reorganization of the tissues of the walls of the cervical 
canals to give a larger natural circumference to the connective tissue 
framework, and secondly of a change in the properties of this framework 
which made it behave, not as normally like a continuous network, but 
as one connected by viscous links which slip slowly under comparatively 
low tensions. 

It seemed of interest to determine whether these changes could be 
produced by hormonal treatment ; and the effects of oestradiol, progesterone 
and relaxin individually, and in combination, on the cervix in spayed rats 
have now been investigated. It has been found that an increase in the 
circumference and weight of the cervix up to about the values found on 
the 17-1 8th day of pregnancy, together with a decrease in concentration 
of collagen similar to that found in pregnancy, can be produced by relaxin 
in combination with oestradiol and progesterone. Some increase in 
extensibility under prolonged loading is also produced. A preliminary 
account of this work has already been published (Cullen & Harkness, 
1958). 

METHODS 

Animals, The rats used were albinos of the local strain, weighing 150-180 g and about 
3 months old at the time of spaying. Ovaries were removed aseptically by the dorsal route 
under ether anaesthesia, and administration of hormones began about 3 weeks later. 

Treatment, The following substances, all given subcutaneously, were used: 

(a) Oestradiol cyclopentyl-propionate ( Depo -Estradiol ; Upjohn) in arachis oil. 

(b) Progesterone, either dissolved in ethyl oleate (Progestin; Organon Laboratories) or 
progesterone B.P. in olive oil, any which would not dissolve being suspended by homo- 
genization in a Potter-El vehj em homogenizer. 

(c) Relaxin powder in 5% (w/w) beeswax in peanut oil (Kroc, Steinetz & Beach, 1959). 
The preparation was 4 Releasin ' (Warner-Chilcott) : (A) Batch no. W 1 164 A, lot 53 ; {B) Batch 
W1164A, lot 66; (C) Batch W1164A, lot 43. 

All these preparations have been assayed on the mouse and some on the guinea-pig 



420 



BEULAH M. CULL EN AND R. D. HARKNESS 



against Wamer-Chilcott Relaxin Reference Standard W 1164 A lot 8 (Std), of activity 150 
guinea-pig units/mg. The figures with 95 % confidence limits (provided by Dr B. G. Steinetz) 
are given in Table 1. 

Table 1 



Guinea-pig assay 



(A) Lot 53 

(B) Lot 66 

(C) Lot 43 



1-06 mg Std/mg (76-131 %) 

0-21 mg Std/mg (64-157 %) 
0-26 mg Std/mg (68-147 %) 



Mouse assay 
0-2 mg Std/mg (79-127 %) 

0- 99 mg Std/mg (72-140 %) 

1- 06 mg Std/mg (77-130%) 

0-11 mg Std/mg (51-195%) 
0-12 mg Std/mg (71-141 %) 
0-13 mg Std/mg (81-124%) 

We have recorded dosage in weight of the reference standard by mouse assay, e.g. for 
(A) 1 mg = 0*2 mg of reference standard. Thus, a dose of 1 mg on this scale is equivalent 
to 150 guinea-pig units. 

Mechanical tests on cervix. The effect of tension on the walls of the cervix was examined 
by the same method as that used previously on rats at different times of pregnancy (Harkness 
& Harkness, 19596), i.e. the excised cervix was suspended in oxygenated Ringer-Locke 
solution and stretched between two parallel steel rods 0-6 mm in diameter, one through each 
canal. Some experiments were done at 22° C, some at 37° C. Two types of test were made, 
o. The force pulling the rods apart was increased stepwise by 25 g every 15 sec until tiie 
tissues ruptured (22° C). 



Inner ^ 
circumference 

Wall of-- 
cervix 



>Rods 



Fig. 1. Diagram of transverse section of cervix under tension. The bar of tissue 
which separates the two cervical canals and runs between the rods is not represented 
in the figure. 

6. The force pulling the rods apart was kept constant for a time and subsequently increased 
as in (a) until the tissues ruptured (37° C). 

As before (Harkness & Harkness, 19596) the measurement used to describe the effect of 
tension is the distance round and between the rods (Fig. 1) and is referred to as the 'inner 
circumference'. For calculations of tensions per unit cross -sectional area the tissue was 
regarded as if it were a straight piece of this length and constant cross -sectional area, with 
density of 1 for whole tissue and 1-4 for collagen. The use of this length is not precise, as 
the mean circumference may be as much as 50 % higher than the inner circumference and 
there is a corresponding over-estimate of the cross -sectional area. The errors, are, however, 
generally similar in the different groups, and their effect is only to produce small alterations 
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ia the absolute magnitude of the differences between groups. For calculation of breaking 
stress, the mean was taken between the load which broke the tissue and the previous one 
which just did not. Tests of the first sort (a) give length-tension curves of which a typical 
example is shown in Fig. 2. The circumference increased rapidly at first but more slowly as 
the load was increased. Then over a wide range of load the curve became approximately 
a straight line until a little before the point of rupture when the slope usually increased 
again. When the load was taken off between each addition, there was immediate diminution 
in circumference, increasing with load and amounting to 10-15 % just before break. This 
effect was much the same in most groups as in normal non-pregnant animals (Harkness & 
Harkness, 19596) and will not be discussed. Only the following parameters of the curves 
were measured: first the circumference (l z ) of the cervix at zero load, obtained by extra- 
polation back from the straight part of the curve; secondly, the slope (k) of the linear part 
of the curve of length against tension ; thirdly, the conditions at breaking point. 
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Fig. 2. Example of the effect of tension on inner circumference of cervix. 



It is clear that in tissues of the same material and shape the constant k is related to size 
of the sample, i.e. to l z , and in order to remove this effect we have recorded kjl z rather than 
k itself. It is also clear that other things being the same, the value of k is related inversely 
to the amount of material present which resists stress. Even if one does not know the nature 
of this material, a measure of it may be obtained from the breaking stress. For measurement 
of k, therefore, tension has been expressed in units of breaking tension ( = 1). The value 
of kjl z in these units is the fractional change in length between zero and breaking tension. 

The results of these tests have generally shown variations of k/l z between different treat- 
ment groups which are small and inconsistent compared to differences in l z . The main use 
of these tests is therefore to give a measure of the size (circumference, l z ) of the connective- 
tissue framework of the cervix after different treatments. The comparison between these 
is hardly affected if the recording is still further simplified by taking only the single measure- 
ment of circumference at half breaking tension, as was done in the preliminary communica- 
tion (Cullen & Harkness, 1958). 

Smooth muscle does not appear to play any important part in these tests (Harkness & 
Harkness, 19596). 
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In tests of the second sort (6), when a constant load is applied for a long time, it has 
previously been found (Harkness & Harkness, 19596) that the cervix on the last day of 
pregnancy, after an initial rapid extension, shows a slower prolonged increase in length 
at constant rate. This rate was measured by the ratio of the slope (K) of the linear part of 
the curve to the length at zero time (l 0 ) obtained by extrapolation (Fig. 3) and the same 
procedure is used here. K is measured in mm/min. This type of test gives information on 
the properties of a component of the tissues which behaves as a series viscous element. It is 
probable that this is an interfibrillary cementing material, and the prolonged extension 
takes place by the fibrils slipping past* each other (Harkness & Harkness, 1959a). The rate 
of this slow extension increases with temperature and the experiments were therefore 
performed at 37° C to make the measurement easier. 
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Fig. 3. Example of the effect of prolonged loading on cervix. The cervix, from a rat 
previously treated with oestradiol, progesterone and relaxin (doses, Table 3), 
was loaded with 100 g weight. 

Chemical methods. Hydroxyproline was estimated by the method of Neuman & Logan 
(1950) on acid hydrolysates (5 ml. 6n-HC1, 4hr, 40 lb./sq.in. or 2-8 kg/cm 2 in autoclave) 
of the whole tissue removed from the apparatus at the end of the experiment. The collagen 
content of the tissue was obtained by multiplying the hydroxyproline value by 7-46. 
A number of blanks were done, in which hydrogen peroxide was omitted, to test for the 
presence in these crude hydrolysates of chromogens, other than hydroxyproline, which 
might react with the p-dimethylamino-benzaldehyde in the last stage of the estimation. 
No appreciable amounts were found. 

RESULTS 

We began by investigating the time course of change in the cervix after 
administration of oestradiol and progesterone individually and of relaxin 
in combination with oestradiol. Relaxin was not used alone at this stage 
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because it is known to have little effect by itself on the symphysis pubis. 
In these experiments only tests of the first sort (a), in which load was 
increased progressively, were used. On the basis of these experiments 
others using the same type of test were done with combinations of hormones 
given for a standard time. On the results of these experiments others were 
done, again with combinations of hormones given for a standard time, but 
the cervix was tested by the second method (6), with a single load applied 
for a long time. 
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Fig. 4. Effect of oestradiol on weight, total collagen content and inner circumference 
of cervix. 5 /xg of oestradiol cyclopentyl -propionate was given on day 0. The 
circumference is that at half breaking tension. The length of the vertical line 
through each point is twice the standard error of the mean. 

Time course of change under treatment 
Oestradiol. A single dose of oestradiol (5 /xg) produced a rapid increase 
in weight of tissue and, like oestrone (Harkness, Harkness & Moralee, 1957), 
a slow increase in the total collagen content of the cervix (Table 2). There 
was a rise in kjl z and in the circumference at breaking point. In later 
experiments the main effect of oestradiol alone was on Z z . The principal 
point of interest shown by these preliminary experiments was that the 
total effect on circumference was small, being more like that on collagen 
content than on weight. The relations between the changes in weight and 
collagen content, and the results of the mechanical tests summarized by 
taking circumference at half the breaking tension, are shown in Fig. 4. 
Breaking stress per unit cross-sectional area of tissue decreased to about 
half, but this could be accounted for simply by the fall in concentration 
of collagen resulting from its slow growth compared with the increase in 

27-2 



424 



BEULAH M. GULLEN AND R. D. BARENESS 



•a 

2 



c o 
o 

s 

"So 



© 

o 

© 

1 2 i 

g 

2 * 



o5 
O 

.a 
> 

Fx ' 



o 
5 



60 



1 



o 



+3 

I 

to 



£§5 



CO CO ^ I> ^ 

© .-i CM © ^ 

o o o o 6 

+1+1 +1+1 +1 

r- ^ io ^ t* 

9 t *? 9 

^ ^| CM ^1) 



CO © lO CO ^ 

+1 +1 +1 +1+1 

OS i> to »o ^ 



^ F- oo o 
CM ^ O CM 

06666 
+1+1+1 +1 +1 
t"» © CO *o 
O lO © CM CO 



CM © CM 
OOO^O 

6 6 6 6 6 
+1+1 +1+1+1 

CD CM CO CD O 
CO lO CO CO 



COOiO^O 

HOHHN 

6 6 6 6 6 
+1 +1 +1+1+1 

CM CD IT- CD CM 
^ O OS 00 CM CM 

^ ^ CO CO ^ ^ 
*0 lO CD t> CD CO 

t3 6 6 6 6 6 
g +1+1+1+1+1 

-g OHf.QOO 

© cm t^- © © t> 
o ^ 



J Ofi 00 

H o w 



s 1 



o 8, 



O . 



+3 
C 

o 



c8 



^4 l> C CO CM 
© CM ^ © CM 

6 6 6 6 6 
+1 +1 +1 +1 +1 
r*. 10 cm co 

© CM <M —1 CM 



© ~* 

6 6 
+1 +1 

CM © 
^ © 



CM © 

+1+1+1+1+1 +1+1 

CXI pH © ^ © CO 

05 © lO © ^ 00 ^ 



0 

2 

& 

2 
a 



0? . 

g CD 
O p 



6 
© 



lO t* © 00 CM lO 

CM —I lO CO HO 

06666 66 

+1+1 +1+1+1 +1+1 

lO 00 lO © CM l> h 

© © ^ l> CM © © 

ib rh o 6 ic ^ i> 



CM CM ^ CM CO © © 

© © © © «-h © © 

a> a> c> <z><o 6 6 

+1+1+1+1+1 +1+1 

© CM 00 i-t 00 © 

^^^CCO CM CO 

<^> <o<^ a><t> 6 6 



© i-h CD lO ^ 

i-H CO ^ ^ © ^ 

6 6 6 6 6 6 6 

+1+1 +1+1+1 +1+1 

lO CM 00 CM © lO 

^ CD ^ CO -h 00 

CO CO CO CO CO CO ^ 



& 



lO © CO ^ 

OOHH 
I +1 +1 +1 +1 

^ 0 T 1 

CM CO 



2 



© ^ 00 
Oh«Oh 

6 6 6 6 6 

+1 +1+1+1 +1 

l> IO H O0 

c ?°p Q p H 1 t 

H H H N CSI 



00 © 10 © op 

O H U3 W O 

+1+1 +1 +1+1 

© © CM CO © 

CO © I> CM t> 
<-H CM CO ^* 



CM CO 
lO «-H © i-H CM 

+1 +1+1 +1 +1 

00 WHlOO 
CM © i-h © -h 

CM CM CM CM CM 



© 
© 

6 
+1 

CO 



© f-H © CO 

© CO CM ^ 

6 6 6 6 
+1 +1 +1 +1 
^ © ^ 

00 ^ CM H 
^ CM CM CM 



CM —1 

6 6 
+1+1 

6 00 



co ^ 

CM CO 

66 
+1 +1 

GO © 
© © 
CM CM 



1 0 

c3 u 

% O 

Cj U 

u 

.£ I 

00 

£ CD 

c3 J 
C 

2 a 

o £ 

O o 



J3 2 

IP 

§ s 



CM ^5 H »C 00 © 

^H 6 CM ^ CM fH © 

+1+1+1+1+1 +1+1 

tO 1-, H H h lO lO 

1*5 6 © © 00 CO 

CM »-H -H H Ifl 



00 



I p- H O O 

+1+1 +1+1+1 +1+1 

© cm r- i> © ^ 

© ^H © H © © 

CM CM CM CM CM CM CM 



c5 O 

is > 

0 p 
-h 3 

^ i 

c2 O 
£ tx 
H .= 

1 § 

1 = 

be c 



.2 



c3 
o 
u 



CO CC 02 
P>> ^ >s 

c3 c3 c3 c£ 
C T3 TJ t3 TJ 

& CM CO h* 



13 

1 

o 



CO CO CO 
>, >s >> >> 

c2 c3 c3 c3 
^ 13 TS 'd 



© 



_ ^ _ _ _ T5 
P — CM CO © H> © 

05 



ce : 
© r= 

.s c 



o 

Q 



© *" 
© -S 



weight of the w 
of collagen, in t 
was found (Tab 
Progesterone. 
mum required t 
1954). In the 
(Progestin), in 
no effect. In a 



Fig. 5. Sun 
cervix. This 
with and wi 
breaking te 
standard ei 
relaxin on < 

in olive oil, 1 
but significai 
Relaxin. 1 
with oestrad 
They were 
(Table 3, A) 
original dos« 
when admin 
in l z was pre 



425 



HORMONES AND RAT'S CERVIX 

weight of the whole tissue. When breaking stress was expressed in terms 
of collagen, in this, as in subsequent experiments, no evidence of change 
was found (Table 2). 

Progesterone. A dose of 10 mg/day was used, as this is about the mini- 
mum required to maintain pregnancy after spaying (Alexander & Frazer, 
1954). In the first experiment (Table 2, ^4) a commercial preparation 
(Progestin), in which 10 mg were dissolved in 0-4 ml. of ethyl-oleate, had 
no effect. In a second experiment (Table 2, B) progesterone homogenized 
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Fig. 5. Summary of effect of oestradiol (0) and relaxin (R) on circumference of 
cervix. This figure summarizes all results for animals treated with oestradiol (O), 
with and without relaxin (R) (Tables 1, 2 and 3). The circumference is that at half 
breaking tension. The estimate of variation shown by the vertical lines is the 
standard error of the mean. Treatment with oestradiol began on day 0, with 
relaxin on day 3. 

m olive oil, partly in solution and partly in suspension, produced a small 
but significant increase in weight of cervix and in Z 2 . 

Relaxin. In the first experiment the animals were previously treated 
with oestradiol and 3 days later given a single dose of 0-5 mg of relaxin (4). 
They were examined 24 hr later and no significant effect was found 
(Table 3, ^4). The experiment was repeated with twice and four times the 
original dose of relaxin, again without significant effect (Table 3, B); but 
when administration of relaxin was prolonged (4 days) a significant increase 
in l z was produced (Table 3, C; Fig. 5). 
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Combinations of hormones 

In the next experiment we increased the duration of relaxin treatment 
by a further 2 days and used all three hormones, oestradiol, relaxin and 
progesterone, in all possible combinations. The results are shown in Table 4 
and an analysis of variance on them in Table 5. Both oestradiol and 




0-2 04 06 08 10 

Tension as fraction of breaking tension 

Fig. 6. The effect of tension on circumference of cervix of rats treated in differen 
ways. Each curve is the mean for all rats in the group. The treatment is given at 
the end of each curve, C = no treatment, 0 = oestradiol, P = progesterone, 
R — relaxin. The doses are given in Table 3. 

relaxin produced effects. These were (a) an increase in l z and in circum- 
ference at time of rupture (Table 4, cols. 5 and 8), the whole length-tension 
curve being shifted bodily upward without much change in its shape 
(Fig. 6) ; (b) an increase in the wet weight of the cervix (Table 4, col. 2); 
(c) a diminution in the concentration of collagen (Table 4, col. 4). There is 
also a significant interaction in the statistical sense (Table 5) between 
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oestradiol and relaxin, which means that the combined effect was greater 
than was to be expected from simple addition of the individual effects, 
relaxin given alone having no significant effect. The largest effect on 
circumference in this experiment was obtained when progesterone was 
combined with oestradiol and relaxin. Though the effect of progesterone 
was not significant statistically at the 5 % level, it appears to be a real one 
as it was found again in later experiments. It will be seen in Table 6 that 
l 0 obtained by extrapolation to zero time with constant load, like h in 
Table 4, is greater in the OPR than in the OR group. The effects of different 
combinations of hormones on l 0 and l z are obviously similar (compare 
Tables 4 and 6) and if the results are combined the difference between the 
OR and the OPR groups is significant (0-02 > P > 0 01). 

Table 5. Significance of results of Experiment 1 with oestradiol, progesterone 

and relaxin (Table 4) 

Primary effects Interactions 



r O B P PR OP OR OPR 

Weight of cervix 0-001 0-01 — — — 0-01 

Total collagen 0-001 — — 0 05 — — — 

Concn. of collagen 0-001 0-01 — ~ 
h 



K/l t 



0-001 0-001 — — — 0-01 — 
0-05 — 0-05 



Circumference at break (mm) 0-001 0-001 — — — 0-001 — 
Stress at break (g/mm 8 ) 0-001 — — — — 

The figures in the table are values of P in analysis of variance, and are maxima, i.e. P of 
0-05 means 0-05 > P > 0-01, P of 0-01 means 0-01 > P > 0 001. 

Effect of prolonged loading. The tests used in the previous experiments 
were conducted at 22° C with rapidly increasing load. They would be 
expected to bring out any effects of hormones on the dimensions of the 
cervix, but would not give evidence whether any of them would cause the 
tissues to show the prolonged slow extension under low load seen at the 
end of pregnancy (Harkness & Harkness, 19596). We therefore repeated 
the last experiment with the three hormones in aU possible combinations 
with the tissues in Locke's solution at 37° C, maintaining a constant load 
for 1 J hr and measuring the rate of increase of the circumference over the 
last half of the period. In Table 6 this slope (K) is recorded as a proportion 
of the circumference at zero time {l 0 ) obtained by extrapolation. In none 
of the groups of animals was there any prolonged extension comparable 
in rate to that seen at the end of pregnancy, nor in a second experiment 
(Table 7) did increasing the dose of relaxin eight times produce any increase 
in Kjl 0 , values still being lower than at the end of pregnancy for comparable 
conditions. Increasing the dose of relaxin did, however, increase the value 
of l 0 . In this second experiment only animals treated with oestradiol and 
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progesterone, with or without relaxin, were used. We have also recorded 
in Table 7 the value l t in the equation I = k + a log t, where I is circum- 
ference and t is time (1 unit = 5 sec). This describes fairly well the initial 
effects of loading, and allows the results to be compared with those 
reported previously for normal and pregnant animals (Harkness & Hark- 
ness 19596) In further experiments inwhich samples of relaxin of difterent 
degrees of purity were used and the dosage taken up to 40 times the 
original, some further increase in l 0 was found, and a small increase in 
Kjl 0 , but still not to values as high as at the end of pregnancy (Table 8, 
Fig.'?). 



20 



? 10 




0 05 

Tension (kg/mm 1 collagen) for length / 0 

Fig 7. Relation between rate of extension under prolonged loading (ordinate^/W 
and tension per unit cross-sectional area of collagen calculated for length I, 
ZLtZ • 21st day of pregnancy (from Harkness ft Harkness, 19596) and 
Orelaxin-treated, means from Table 7. Dose (mg) and type of relaxin: 1, 0-5C, 
2, 1 C; 3, 1 A; 4, 10 C; 5, 0-5 B; 6, 0-5 4; 7, 1 B. 

DISCUSSION 

Relation of results to investigation of 'dilatability' of cervix 
One method which has been used to investigate the « dilatability ' or 
softening of the cervix is to introduce a conical probe into the canal, to 
push it in until resistance is felt and then to record the diameter (de Vaal 
1946) Crelin (1958) has made this method more quantitative as regards the 
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force exerted by incorporating a spring gauge so that the probe can be 
pushed in with a standard pressure. This type of test is similar in principle 
to our first type (examination of the relation of circumference to tension) 
but the lack of a measure of force or time during which it is applied makes 
the results difficult to interpret with certainty. In particular, it is not 
clear to what extent the activity of smooth muscle affects this test. 
However, it seems probable that the probe would be arrested when the 
tissue had stretched to a circumference which in our experiments would 
lie somewhere near the beginning of the relatively flat part of the length- 
tension curves. Using this method Graham & Dracy (1952), Zarrow, 
Neher, Sikes, Brennan & Bullard (1956), Steinetz, Beach & Kroc (1956) 
and Kroc et al. (1959) have found that relaxin increases the ' dilatability ' 
of the cervix in sow, rat and mouse. That relaxin has an effect on the 
cervix must therefore be regarded as clearly established. The smaller 
effect of oestrogen is less clear. Thus Smith & Nalbandov (1958) recorded 
a constriction of the cervical canal by oestrogen in the sow. Such a finding 
with the probe test might be the result of swelling of the inner lining only, 
and it is difficult to distinguish the various possibilities without more 
information on the forces used and time for which they acted. A number 
of observations on the effects of relaxin on the human cervix are recorded 
in the literature but the results have been so variable that it seems prema- 
ture to discuss the subject. It is worth while to point out that in some of 
the experiments in which no effect was found only short periods of treat- 
ment (hours) were used. Experiments on animals indicate that much 
longer treatment is needed to produce effects. 

Nature of effect of hormones on the cervix 
The effect of oestradiol alone was to increase the weight of the cervix 
to about the normal non-pregnant level. The total quantity of collagen in 
the cervix increased proportionately less than weight so that concentration 
fell. This confirms previous results with oestrone (Harkness et al. 1957). 
The principal effect of oestradiol, shown in physical tests, was to cause 
an increase in the circumference of the collagenous framework, and this 
resembled the change in total collagen in that it was less extensive and 
took place more slowly than increase in weight. Thus the increase in total 
collagen content and in circumference appear to be related in both extent 
and time course. This suggests that both changes have a common origin 
in simple growth in size of the connective-tissue framework without 
change in its shape. Circumference is a linear dimension and should 
increase as the cube root of the total amount of tissue concerned if there 
is no change in shape. For animals other than those treated with relaxin 
combined with oestradiol, the circumference is, in fact, approximately 
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proportional to the cube root of the total collagen content (Fig. 8). We 
may conclude then that in these animals increase in circumference is to 
be accounted for by growth of the collagenous framework without change 
in shape. This conclusion, however, does not apply to the relaxin-treated 
(oestrogen-primed) animals, which show an increase in circumference with 
little increase in total collagen above the value found with oestradiol 
alone (Tables 4 and 6, Fig. 8). We may conclude that relaxin produces a 
change in the shape of the collagenous framework. In addition, it can 
increase the extensibility of the framework under prolonged loading. 



- N 10 

u 
O 



u 
c 

3 



o o 



• Ol-O- 



-L 



_L 



JL 



1-0 12 14 1-6 1-8 

Cube root of total collagen in cervix (mg) 

Fig. 8. Relation between inner circumference and total collagen content of horns. 
#, aaiimals treated with oestradiol and relaxin with or without progesterone; 
O, other treatments, the dotted lino going through the mean of abscissal and 
ordinate value for these, and having slope required for value of ordinate to be 
proportional to that of abscissa. 



Comparison of the effect of relaxin on the cervix with changes found in 
pregnancy. During pregnancy in the rat the cervix becomes heavier in 
weight and its total collagen content is increased by about a half though 
the concentration is reduced (Harkness & Harkness, 19596). The circum- 
ference of the connective-tissue framework also becomes greater and this 
is not accounted for by simple growth but involves change in shape. In 
addition to these changes there is an increase in the extensibility of the 
framework under prolonged loading (Harkness & Harkness, 19596). All 
these changes can be produced by relaxin, though we have not so far found 
the latter to cause changes as great as those found at the end of pregnancy. 
The tests made on cervices of pregnant animals are not all exactly the 
same as those carried out in the present investigation, but a close enough 
comparison can be made to enable one to say that the maximum increase 
in circumference found in the present series of experiments corresponded 
to the value at about the 17-1 8th day of pregnancy. Kroc et al. (1959) 
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also found maximum values of circumference by the probe method to 
correspond with the values obtained by the same method at this time of 
pregnancy. It is impossible to say yet whether the inability of relaxin so 
far to reproduce the complete changes found in pregnancy in the cervix is 
the result of inadequate dosage or because other hormones are involved. 
That other hormones are involved is suggested by the fact that Kroc et al. 
(1959) found that relaxin given to rats oophorectomized in pregnancy 
would prevent fall in circumference of the cervix (probe method) and allow 
it to develop to the size found normally at the end of pregnancy. Factors 
other than relaxin appear to be of relatively greater importance in mice 
than in rats in producing the increase in the circumference of the cervix 
found by the probe test in pregnancy (Steinetz et al. 1956 ; Kroc et al. 1959). 

Comparison of effects of relaxin on cervix and symphysis pubis 
In the rat the symphysis pubis is scarcely affected by pregnancy or 
relaxin, so far as is known. In other animals, e.g. guinea-pig, two sorts of 
changes can be produced. The first is an oedematous swelling of the tissue 
which is detectable within a few hours of the time of administration 
(Abramowitz, Money, Zarrow, Talmage, Kleinholz & Hisaw, 1944; Zarrow 
& Money, 1948), but we did not find any evidence of such a rapid change 
in the cervix. The second change produced by more prolonged administra- 
tion is a slow reorganization of the tissues of the symphysis in which bone 
and cartilage are absorbed and replaced by loose connective tissue, so that 
the originally short and compact structure is replaced by a long, loose 
ligament between the bone ends, which become widely separated. The 
changes in the cervix which we have investigated also take place slowly 
and clearly involve considerable reorganization of the tissue. For the 
actions of relaxin both on the symphysis and on the cervix, previous 
treatment with oestrogen is needed, relaxin alone having no effect. 

Whether the same component of the relaxin preparation affects the 
cervix as the symphysis cannot be stated for certain. However, in our 
experiments with preparations of different potency by assay on the sym- 
physis their potency correlated well with their effect on the circumference 
of the cervix. Our results are therefore compatible with the hypothesis 
that the same component of the preparation produces both effects. 

SUMMARY 

1. The effect has been studied of previous treatment of spayed rats 
with oestradiol, progesterone and relaxin, individually and in combination, 
on the reaction of the excised cervix to tension, the tissues being extended 
under load between two parallel rods, one inserted through each cervical 
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canal. The differences between animals, detected by these tests, were 
(a) in the circumference of the connective-tissue framework and (b) in the 
extensibility of the framework under prolonged loading. 

2. Oestradiol (10 /ig cyclopentyl-propionate) caused an increase in the 
circumference of the cervix to approximately the normal non-pregnant 
level. This effect could be accounted for by simple growth of the whole 
cervix without change of shape. 

3. Relaxin in beeswax and oil given to rats previously primed with 
oestradiol caused a further increase in circumference of the cervix which 
could not be accounted for by simple growth, but appeared to involve 
change in the shape of the collagenous framework. Relaxin also caused 
some increase in the extensibility of the cervix under prolonged loading. 
The changes produced resemble those found in pregnancy but were not 
as great as at the end of the latter. The maximum circumference corre- 
sponded to that found on 17-1 8th day of pregnancy. Relaxin caused a 
reduction in concentration of collagen in the tissue by an increase of material 
other than collagen and this effect also is similar to that found in 
pregnancy. 

4. To produce changes of the type investigated the action of hormones 
for several days at least was required. 

We are grateful to the Medical Research Council for a grant towards this work, to Miss 
Shirley Fitch for her skilled technical assistance, and to Dr R. L. Kroc of the Warner- 
Lambert Research Institute for the samples of relaxin used. 
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